Dietary inclusion of soybean oil (sBo) at 3.2% increased growth rates without affecting the DMI and DM digestibility in sheep (Awawdeh et al., 2009 ) and improved dressing percentage and fat deposition in some carcass regions when lambs were fed 8.0% of SBO (Santos-Silva et al., 2004) . In addition, SBO increased dietary NEg content and body fat deposition (Awawdeh et al., 2009 ) and promoted the activation of β-AA receptors in adipocytes (Jenkins et al., 1994) . Based on the lipolytic effects of ZH for muscle formation (Mersmann, 1998) , it was hypothesized that the positive effect of ZH on growth and carcass traits could be further improved by SBO addition to finishing diet of hair ewe lambs. Therefore, the objective was to evaluate effects of ZH and SBO supplementation on feedlot performance, carcass characteristics, and wholesale cut yield of hairbreed ewe lambs.
materiaLs and metHods
All procedures involving ewe lambs were prepared according to the guidelines of approved local official techniques of animal care in México (NOM-015-ZOO-1995: Humanitarian care of animals during mobilization of animals and NOM-033-ZOO-1995: slaughter of domestic and wild animals; SAGARPA; 2015).
Study Site
The experiment was conducted during the winter season at the Sheep Experimental Unit of the Instituto de Ciencias Agrícolas (iCa) at the Universidad Autónoma of Baja California (uaBC) in Mexicali Valley, located in northwestern México (114.6° N, 32.8° W) . Climatic conditions in the Mexicali Valley are similar to those of the Sonoran desert, with severe temperatures during summer (above 40°C) and winter (below 5°C) and average annual precipitation of 85 mm (García, 1985) . During the study, ambient temperatures and relative humidities varied from 12 to 18°C and 25 to 55%, respectively.
Animal, Housing, and Treatments
The following procedures have been described in detail in our previous publications (Macías-Cruz et al., 2010; Avendaño-Reyes et al., 2011; Dávila-Ramírez et al., 2014) . Briefly, 32 Dorper × Pelibuey crossbred ewe lambs (30.55 ± 2.57 kg and 5 mo of age) were individually housed in pens equipped with shade, feed troughs, and water. All ewe lambs were adapted to pens and to a basal diet during a 30-d period immediately before initiating the experiment. Also, lambs were treated with vitamins A, D, and E (Vigantol; Bayer, México City, México; 1 mL/animal) and for internal and external parasites (Invermectin; Sanfer Laboratory, México City, México; 0.5 mL/animal) during this adaptation period. Ewe lambs were individually weighed, blocked by BW, and randomly assigned to treatments within BW groups under a randomized complete block design. Treatments were arranged in a 2 × 2 factorial array; factors were ZH (0 or 10 mg/lamb daily; Zilmax; MSD, México City, México) and SBO (0 or 6% SBO/kg DM; Chef´s Pride; Ventura Foods LLC, Brea, CA). To ensure the daily intake of the β-AA, 106.67 g of the commercial product (Zilmax) were mixed with 15,250 g of wheat meal, and 30 g of the mixture was offered daily to each lamb before the morning feeding. At the same time, groups treated without ZH were fed 30 g of wheat meal daily. Health status of lambs was monitored daily. (Goering and Van Soest, 1970) and ADF (Van Soest et al., 1991) also were determined (Ankom 200 Fiber Analyzer; Ankom Technology, Fairport, NY). Gross energy was determined with an adiabatic bomb calorimeter (Parr 1281 Automatic Energy Analyzer; Parr Instrument Co., Moline, IL), and ME was calculated with the following formula: ME = DE × 0.82 (NRC, 1985) . Organic matter content was estimated as 100 -ash content.
Feedlot Performance
The feeding period lasted 34 d. The ZH was withdrawn on d 32 of the feeding period, which corresponded to 48 h before slaughter. Diets were offered twice daily (0700 and 1700 h). The amount of feed offered and refused was weighed and recorded daily to determine DMI. Also, feed offered to each animal was adjusted to minimize refusals (<5.0%). All lambs were individually weighed at the beginning (d 1), middle (d 18), and end (d 35) of the feeding period before the morning feeding. From these data, ADG, total BW gain, G:F, and DMI were calculated. All feedlot performance variables were calculated within 3 periods: d 1 to 17, d 18 to 34, and d 1 to 34.
Carcass and Noncarcass Data
After recording final BW, all ewe lambs were slaughtered in the meat laboratory of the ICA at the UABC. All carcass (HCW, CCW, dressing, cooling loss, conformation, KPH, fat thickness, LM area, postmortem pH of LM at 45 min and 24 h, carcass length, thorax depth, leg length, and leg perimeter) and noncarcass (head, blood, skin, heart, lungs, liver, kidney, peritoneum, renal fat, rumen, and intestine) data were collected following procedures previously described by Dávila-Ramírez et al. (2014) . Carcasses were split in half, and the right side was used to obtain wholesale cuts (forequarter, neck, ribs, loin, shoulder, hindquarter, leg, plain loin, and sirloin) following the methodology described by Avendaño-Reyes et al. (2011) . Noncarcass components were expressed as percentage of the final BW and wholesale cuts were expressed as percentage of HCW.
Statistical Analysis
All data collected were analyzed by ANOVA using the MIXED procedure of SAS (SAS Inst. Inc., Cary, NC). Data were analyzed as a 2 × 2 factorial arrangement under a randomized complete block design, considering the fixed effects of factors ZH (0 or 10 mg/ lamb daily), SBO (0 or 6% SBO/kg DM), and ZH × SBO interaction with no random effects. Significance was declared at P ≤ 0.05.
resuLts
Interactions between ZH and SBO were not detected (P ≥ 0.11) for feedlot performance, carcass traits, noncarcass components, or wholesale cut yield. Consequently, only main effects are reported and discussed.
Zilpaterol Hydrochloride
Final BW, total gain, ADG, DMI, and G:F were not affected (P ≥ 0.26) by ZH after the 34-d feeding period or during d 1 to 17 (P ≥ 0.46) of the feeding period (Table 2 ). However, from d 18 to 34 of the feeding period, lambs fed ZH had greater (P ≤ 0.03) total BW gain, ADG, and G:F but similar DMI (P = 0.58) compared with controls. Regarding carcass characteristics (Table 3) , HCW, CCW, dressing percent, LM area, and leg perimeter were greater (P ≤ 0.02) in lambs fed ZH compared with controls. Other carcass characteristics (cooling loss, KPH, conformation, fat thickness, carcass and leg length, thorax depth, and pH of LM at 45 min and 24 h postmortem) were similar (P ≥ 0.07) between ZH and control lambs. Lung weight as percentage of final BW was decreased (P = 0.05) in ZH compared with control lambs, whereas the remaining noncarcass components (Table 4 ) and wholesale cut yields (Table 5) were not affected (P ≥ 0.06) by ZH supplementation.
Soybean Oil
Inclusion of SBO in finishing diets did not affect (P ≥ 0.34) feedlot performance of ewe lambs during d 1 to 17, d 18 to 34, or d 1 to 34 ( Table 2 ). The pH of the LM at 24 h postmortem was decreased (P = 0.05) by SBO supplementation (Table 3) . Other carcass characteristics were not affected (P ≥ 0.08) by dietary inclusion of SBO. In noncarcass components (Table 4) , SBO decreased (P ≤ 0.05) the liver weight as percentage of final BW, but the remaining noncarcass components (head, blood, skin, heart, lungs, kidney, renal fat, rumen, and intestine) did not differ (P ≥ 0.08) between ewe lambs fed diets with or without SBO. Wholesale cut yield was also not affected (P ≥ 0.08) by SBO supplementation (Table 5 ).
disCussion

Zilpaterol Hydrochloride
Few studies have examined effects of ZH on feedlot performance and carcass characteristics in ewe lambs. In the present study, ZH-fed ewe lambs , 2011) suggest that effects of ZH on growth and G:F in ewe lambs are inconsistent. Moreover, β-AA have the greatest positive impact on feedlot performance during the first 2 wk of feeding, and these effects tend to decrease over time (Pringle et al., 1993) . However, ZH supplementation did not impact performance of ewe lambs during the first 17 d in this study. Conversely, ZH-fed lambs had increased performance during the second 17 d of the feeding period, when lambs were expected to be heavier and with more body fat content. Therefore, more research is required to determine the length of time required by ewe lambs to respond to ZH. Supplementation of β-AA usually causes an increase in HCW, dressing percentage, and LM area (Dikeman, 2007) . Another important effect that has been observed in ZH-fed cattle is a reduction in body fat (Vasconcelos et al., 2008; Montgomery et al., 2009) . Changes observed by supplementation of β-AA may be due to the effect that these compounds have on nutrient partitioning, which cause increased muscle protein synthesis and promote lipolysis in adipose tissue (Mersmann, 1998) . In the present study, ZH increased HCW, CCW, dressing percentage, and LM area. These findings agree with previous studies done in hairbreed ewe lambs (Macías-Cruz et al., 2010; Avendaño-Reyes et al., 2011) . Similarly, in male lambs, Mondragón et al. (2010) and López-Carlos et al. (2011) reported that ZH increased HCW, CCW, dressing percentage and LM area. These reports indicate that independent of sex, ZH supplementation impacts carcass muscle deposition. In the present study, ZH increased lamb HCW but not final BW compared with ewe lambs not receiving ZH. Additionally, no effect of ZH on DMI was observed. These results suggest that ZH improved carcass weight in ewe lambs by influencing an internal redistribution of nutrients and not by a greater feed intake. This finding also was observed previously in ewe lambs by Avendaño-Reyes et al. (2011) . Montgomery et al. (2009) indicated that differences observed in dressing percentage and HCW due to supplementation with ZH could be attributed to a change in mass from noncarcass to carcass tissue or by a decrease in gut fill caused by a decrease in DMI.
Regarding noncarcass components, ZH only decreased lung weight as percentage of final BW without similar effects on other viscera and organs. Perhaps ZH mobilized lung tissue to promote carcass muscle development (Montgomery et al., 2009) . However, other studies have not reported a negative effect of ZH on lung weight as percentage of final BW (Avendaño-Reyes et al., 2011; Dávila-Ramírez et al., 2014; López-Carlos et al., 2014) . In general, reduced presence of β-AA receptors in smooth muscle has been linked to the absence of effect of ZH on noncarcass components (Reeds and Mersmann, 1991) . Similarly, in ewe lambs, Macías-Cruz et al. (2010) and Avendaño-Reyes et al. (2011) reported minor effects of ZH on noncarcass components.
Limited data are available on the effects of ZH on wholesale cut yields in ewe lambs. Macías-Cruz et al. (2010) reported reduced yields of forequarter, neck, and shoulder but greater yield of ribs, hindquarter, and legs in heat-stressed ewes fed ZH. Additionally, Avendaño-Reyes et al. (2011) reported that ZH-fed ewe lambs under moderate environmental conditions had lower neck yield and a tendency for increased loin yield compared with non-ZH-fed ewe lambs. Conversely, this experiment reported that wholesale cut yields were not affected by addition of ZH in the finishing diet of ewe lambs. Previous studies indicated that the effects of ZH on wholesale cuts depend on the presence and amount of type II muscle fibers located in each cut, given that β2-adrenergic receptors are mainly located in these fibers (Mersmann, 1998; Walker et al., 2010) . However, the reason for the lack of ZH effects herein on cuts with high abundance of type II muscle fiber (legs, shoulders, and loin) is unclear.
Soybean Oil
In ruminants, fat supplementation has variable effects on nutrient digestibility, feedlot performance, and body composition. This variability in response may be due to the level or source of fat in the diet, which can directly affect activity of ruminal microbes (Abou Ward et al., 2008) . In the present study, feedlot performance of ewe lambs was not altered by the SBO addition at 6% (DM basis) of the finishing diet. These outcomes agree with results found by Dávila-Ramírez et al. (2014) in Dorper × Pelibuey ram lambs fed SBO and by Kim et al. (2007) in Katahdin × Dorper lambs fed soybean, linseed, or cottonseed oil. Similarly, in wool genotype lambs (Corriedale or Hampshire × Dorset), Choi et al. (2006) and Radunz et al. (2009) also reported that SBO and linseed oil supplementation in finishing diets did not affect final BW, ADG, DMI, and G:F. Therefore, our results in combination with those of the literature indicate that SBO supplementation has no benefit on growth of sheep finished in feedlot. In addition, results reported herein suggest that 6% dietary inclusion of SBO has no detrimental effects on the development of fattening ewe lambs.
Results from this experiment indicated minor SBO effects on carcass characteristics in ewe lambs, with only pH of the LM changed at 24 h postmortem by SBO supplementation. Other studies also indicated few or no advantages on carcass traits with inclusion of vegetable oils in finishing diets of sheep (Boles et al., 2005; Radunz et al., 2009; Dávila-Ramírez et al., 2014; Ferreira et al., 2014) . However, none of these studies reported the effect of SBO or other vegetable oil on the pH of the LM. Conversely, other studies evaluating ram lambs (Awawdeh et al., 2009; Francisco et al., 2015) , male lambs (Dávila-Ramírez et al., 2013) , and male kids (Najafi et al., 2012) reported that loin pH at 24 h postmortem was not affected by SBO addition to finishing diets. Lambs evaluated by Dávila-Ramírez et al. (2013) had similar genotype, age, feeding, and handling to ewe lambs used herein, although Dávila-Ramírez et al. (2013) used male lambs during the summer compared with ewe lambs fed during the winter in the current experiment. Therefore, one can speculate that differences in SBO supplementation effects on LM pH between the present experiment and Dávila- Ramírez et al. (2013) may be attributed to differences in sex and environmental condition, although this rationale needs further investigation.
The SBO-fed ewe lambs had decreased liver weight as percentage of final BW, whereas no other treatment differences on noncarcass component were observed. Similarly, Dávila-Ramírez et al. (2014) and Saqhir et al. (2012) reported a reduction in the liver weight as percentage of final BW in male lambs and goat kids, respectively, when supplemented with SBO. This outcome may be related with a reduction in the amount of hepatic lipid content due to lipolytic effects of SBO. In sheep, Jenkins et al. (1994) reported that inclusion of dietary SBO tended to increase lipolysis without affecting the lipogenesis process, which was attributed to changes in membrane fat acids that enhance the sensitivity of β-AA receptors.
Similar to previous research results reported in both sheep (Awawdeh et al., 2009; Manso et al., 2009; Dávila-Ramírez et al., 2014) and goats (Najafi et al., 2012; Saqhir et al., 2012; Roy et al., 2013) , no effects of SBO on wholesale cut yields were detected herein. In general, the lack of effect of SBO on commercial cuts suggests that addition of 6.0% of SBO in the finishing diet of sheep has no impact on the muscle development and intramuscular fat.
Overall Conclusions
Inclusion of ZH and SBO to finishing diets of ewe lambs had no additive effects on growth and carcass traits. Feedlot performance after the 34-d feeding period and wholesale cut yields were not affected by ZH (10 mg/lamb daily). However, ZH was beneficial to carcass characteristics of economic importance, such as HCW, carcass dressing, and LM area. In general, SBO addition at 6% (DM basis) to the finishing diet did not affect growth, carcass characteristics, and wholesale cut yields in ewe lambs.
